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Abstract

This research aims to evaluate the change in the stiffness and shear strength of synthetic carbonate rocks
submitted to a reactive injection fluid. Therefore, laboratory tests were carried out with two types of cemented
carbonatic rock artificially produce The synthetic rocks were subjected to physical characterization tests
(mineralogy, computed tomography, porosity, etc.) and mechanical characterization (uniaxial compressive
strength and Brazilian tests) before and after the dissolution process ® asgehanges in the samples. The
dissolution test was performed in a modified oedometer cell, which allowed for measurements of horizontal
displacements. The loading and dissolution phases were conducted using water and an acid solution to evaluate
the irfluence of pH on their initial characteristics of the samples. ThayXdiffraction analysis revealed that the
increase in maximum porosity by 57.8% and the increase in permeability were due to the dissolution of
minerals. During dissolution, the horizahtstress increased linearly, and the maximum volumetric strain was
12.8%, owing to the loss of mass. This was also reflected in the mechanical characteristics since the samples lost
about 72% of the strength after the dissolution with the acid soluttem sfudy carried out in this paper helps
explain and estimate changes on a mgwale, that is, to understand how the dissolution of bonds between
grains leads to mactscale changes, such as the loss of mechanical strength causing irreversible ddah@age to
rock.

Keywords:Synthetic carbonate rortwaterweakeningrock-fluid interaction.
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1. Introduction

Chemical weathering and fluidjection and extractioprocesses modify the properties of rocks, including
porosity, permeability, constituent minerals, and mechanical properties, which can generate problems that affect
various applications in engineering which can cause change the built and natural entir@amuen
consequently, prevent the sustainable exploration of geographic resdiveescK fluid interactions can cause
dissolution processes, inducing the matrix rock to weaken, which leads to deformation. Rock chemical
compaction, for instance, result®mn the dissolution of the diagenetic bonds (between the grains), progressive
grain size reduction, and pore collapse; the rock experiences grain redistribution, cementation, and change in the
fluid flow dynamics. All the processes involved depend maimlyte reactivity of the fluid due to temperature

and pressure, which can induce a complex interaction of multiphase flow, diffusion, convection, dissolution,
precipitation, and other chemical reactiombfe physical and mechanical properties of the roekreeded to
assess the rockds stress states and to determine t he
guantity, distribution, movement behavior, and the amount that can be extfd¢2e])( As an example, these
interactions can gerate a wateweakening effect, which can result in deformations that affect the mechanical
behavior of the rock, such as decreasing strength and stiffness when subjected to various loads. This can cause
compaction and subsidence of the rock, pressure tpjitchllapsed wells, or a reduction of shear stresses in the

well wall. The stress reduction can reactivate geological faults, inducing seismic events and, in some cases,
collapse underground reservoir cavities. These phenomena can cause damage toahd, roghsequently,

prevent the sustainable dajpation of natural resources,p}6,7,8]. In this context, the engineering field needs

to understand the geomechanical and geochemical processes that occur in carbonate rocks, which are unstable to
temperatue and pressure and chemically reactive. The dissolution processes in these rocks often cause the
removal of shells and other fragments in their structure and increased porosity. Later, these voids can be filled
by cementatiori9], presenting heterogeneogsomorphological characteristic®ecause of the complexity of

the phenomena involving carbonate rocks, their characterization, and théuidciateractions, several studies

have been conducted with synthetic rofk8,11,12,1314,15,16]. These investigations aimed to better control

the physical and mechanical properties of rock and characterize its behavior through the simulation of the
natural matrix of synthetic carbonate rock, using the main lithification factors, which, accorfii&j, tmclude

grain size and shape, the concentration of cementing material, and compaction prdssurexample,
Referencd17] used fragments of natural limestone, Portland cement, and water for the production of synthetic
rocks to perform mechanical tests anghwerical simulationsReference[14] used these same materials to
produce synthetic carbonate rocks to study the infl uce
dissolution test, evaluating changes in the permeability and mechanical strengéhsafirtthlesThe results

achieved were, in the permeability and porosity decrease and UCS increase were probably due to pore throat
obstruction phenomena, the formation of a stable layer on the reactive surface resulting from the cement
dissolution and theupersaturation of Ca cations causing precipitation. The constructed geochemical model
represented harder dissolution at the system input and the precipitation caused by the dispersion from the
reactive transport at the outp&eferencg16] produced synthetic caonate rocks composed of sand, calcite,

and Portland cement. They studied the influence of the percentage of cement on the strength of the samples. A

comparison was also made with the natural matrix of carbonate rocks about the main factors of dithificati
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such as grain size and shape, the concentration of cementation material, and compaction Fnesmselts

were compared with natural carbonate samples and showed a high similarity to the petrophysical behavior
of mudstonesocks. That similarity points out tHeasibility of those synthetic rocks to be used as analogous of
mudstones, specifically those exhibiting only primary porosity, in experiments regardinghgsics, core
flooding or rock mechanicfeferencd18] used synthetic carbonates to study the behavior of compaction under
conditions that favor the dissolution of grains under pressure. The authors investigated the effects of grain size
and distribution, the belvior of compaction stress, and the effects of different fluid compositions, using
theoretical models of dissolution under pressurke experimental results suggest the main deformation
mechanism in calcite under their experimental conditions was pressution and that diffusion is likely to be

the ratecontrolling process pure solution systefhese studies involving synthetic rocks report the value of
reproducing rocks in the laboratory, which result in samples with predetermined characteristias thaused

to develop correlations between their physical properties in laboratory tests and numerical simulations.
According to[19], these synthetic rocks can be applied in engineering is to analyze the behavior of sandstones
and soft carbonate rocksisceptible to compaction and subsidefite objective of this paper is to evaluate the
impact of chemical interactions between synthetic carbonate rocks and a reactive fluid and to analyze the linked
hydraulic, mechanical, and chemical phenomena thaaltanthe initial characteristics of the rock. The paper
aims to contribute to the understanding of rock behavior when subjected to reactive fluid injection. Two
artificially cemented rocks were produced for this studyl) with Portland cement and (2) thi calcium
hydroxide (Ca(OH)2) and carbon dioxide (CO2). Physical and mechanical tests for rock characterization and
dissolution tests under oedometer conditions were conducted. The dissolution test employed a modified
oedometer cell specially designedni@asure horizontal stress. For both studied samples, changes in the stress
states and physical and mechanical properties that occur after these rocks were subjected to the reactive fluid are
presented.

2. Testes protocols

Two types of artificially cementedarbonate rocks were studied. Then, dissolution tests were performed on the
samples using a modified oedometer cell to obtain parameters of horizontal stress, volumetric strain,
permeability, and pH during the test and to analyze physical parametersassuaaineralogy, porosity, void

index, and grain density of the sample, before and after the test. Unconfined compressive strength (UCS) and
diametral compression tests were performed to evaluate and compare the shear and tensile strengths,
respectively, othe samples before and after the dissolution test. The methodology for sample production in the
laboratory was standard for all samg@eso obtain rocks with similar physical and mechanical properties, thus
allowing for valid sample comparisons before aftér the test.

2.1 Synthetic Carbonatic Rocks Production

The synthetic samples produced for this study comprised sand, calcite, and bonding material, with one sample
artificially cemented with Ca(OH)2 reacting with CO2 and the other with Portland cemeng, ti&n
methodologiesdapted from [2A4], respectively. This composition was based on the sedimentary formation of

soft carbonate rocks that predominantly consist of bonded limestone fragments (ooids, shells, and corals).
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Additional composition infanation was obtained from tests carried out with natural carbonate rocks,
comprising mainly calcite/dolomite/aragonite and secondary minerals, such as anhydrite, gypsum, siderite,
quartz, clay mineraJgyrite, oxides, and sulfat§¢®,21,6,14]. Table 1 show the percentages of materials that
were used in the samples.

Table 1. Percentages of materials used in synthetic rocks.

Agglomerate Fraction (%)
Calcite Sand Lime Cement Water
With calcium
hydroxide + CO, 29 30 2 : 20

With Portland cement
68 3.6 - 28 20

*Methodology adapted frorf20].
** Methodology adapted frorfiL4].

The dry mass of calcite and sand was washed and sieved to a granulometric fraction of 0.50 mm, then divided,
and each part was mixed with a cende(@) Ca(OH)2 + CO2 (abbreviated as CH) and (b) Ari Portland (€P V

ARI) cement and water (CC). The percentadevater was based on the weight of the aggregate mixture
(agglomerate, sand, and calcit€he components were mixed manually for 5 min to obtain a homogeneous
mass. Then, the mixture was uniformly poured in a steel compaction mold, where static compastion
performed in a servoontrolled press, exposed to vertical stress of 15 Mia.the CH sample, the compacted
mixture in the compaction cell was then exposed to direct carbonation with a pressure of 100 kPa of CO2 for 5
min and placed in a drying oveat 105°C for 24 h. For the CC sample, the mixture remained in the press for 12

h with the applied compression stress and was then taken to the muffle for 32 h with a temperature range of 100
to 300°C.After the cementation procedures, the samples wedraated from the molds for the test protocols
(Figure 1).

Figure 1: Samples after mold extraction. a) With Portland cement; b) With calcium hydroxide.
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2.2 Dissolution Test under Oedometer Conditions

The modified oedometeaell in this study, which was developed [22], is made of a bronzaluminum alloy

and has a containment ring with a - diameter, 6&m height, and 0-81m thickness. The cell was
designed to measure radial strain on a millimeter scale and its censégrizontal stresses, as shown in Figure

2. Highresolution strain gauges were installed in the oedometric cell ring to collect radial data and for LVDT
(displacement transducer) vertical displacement measurements. After the instrumentation, tamptekvas

put into the modified oedometric cell, which was then placed in the loading frame. The LVDT was calibrated,
and the LVDT and extensometers were connected to a computer to feed the software Geolab the stress and
strain data. For the injection dfe reactive fluid, a reservoir was installed next to the loading frame, as shown in
Figure 3.

A Lo 8 0t "0t "0 027 :
Entradawd,, 7 b

¢ 70em

Figure 2. A) Scheme of the oedometer cell with chemical weateringposed of: (a) top, (b) bottom, (c)
confining ring, e (d) piston for vertical load. B) Modified oedometer cell, with focus on the extensometer in the
confining ring and the LVDT in the upper part of the cebference:[22] Modified.
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Figure 3: Scheme of the experimental apparatus of the dissolution test.

For the dissolution testwo types of fluids were usedater and acetic acid solution (with 10% concentrafion)

with their characteristics described in Table 2. The fluid was injected upwantisisirated in Figure 2(a).

Table 2: Fluid specifications used in dissolution test.

Fluid Water Acetic acid
Viscosity 0.89 mPa.s 1.22 mPa.s
pH 7.0 2.8

Density 1.0 g/lem? 1.049 g/em?
Chemical formula H,O C;H,0,

Based on the literature, protocols have been defined to subject the rocks to conditions of pressure and fluid
exposure. The following list of protocols describes the different methodologies used for the dissolution tests:
Protocol 1: This methodology cosss of the loading and dissolution phases. In the loading phase, vertical loads

of 150, 300, and 400 kPa are applied for 1 h each (tree specimen per applied load). Then, dissolution starts with
the acetic acid solution at a flow pressure of 2 kPa for appedely 7 h, totaling 15 injected through the
synthetic rock. During the test, pH, permeability, and vertical and horizontal displacements are measured. The
acid solution is collected for every 200 ml of percolating fluid to measure the pH with the @ e
methodology was carried out on the two samples of synthetic Ryckocol 2: The difference between this
methodology and the previous one can be observed in the dissolution phase, where acetic acid is applied with a
flow pressure of 12 kPa for poximately 7 h, followed by 12kPa of acid and water for 12h. This methodology
was carried out on both samples types of synthetic rBostocol 3: In this methodology, the loading and
dissolution phases are interspersed. The loading phase is dividevingieps: (a) loading 1, followed by

dissolution with the acetic acid solution, and loading 2, followed by dissolution with water, and (b) dissolution
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with acid for 2 h and then with water for 10 h. This methodology was carried out on the CC rock €amtpke.
microstructural level, the dissolution causes the degradation of bondings between the solid grains of the rock.
These different dissolution protocols were carried out to evaluate the interaction between the fluid and the
synthetic rock under diffent contact time and pressure conditidtigther vertical loads were not applied as the

oedometer cell was calibrated up to 400 kPa.

2.3 Evaluation of the effect of dissolution on the physical and mechanical properties of rocks

2.3.1 Physical characterization o$ynthetic rock samples

The synthetic carbonate rocks were characterized by determining their physical properties, such as porosity,
void index, particle density, grasize distribution of the mixture, mineralogy through theax diffraction,
tomography énalyzed by the CT equipment of the L'RX), and petrography (analyzed using a scanning
electron microscope (SEM) Nikon Eclipse Pol). These measurements were performed before and after the

reactive fluid injection.

2.3.2  Mechanical testd§ unconfined compressivstrength and Brazilian tests

UCS tests were performed to determine the maxi mum
carbonate rocks. The dimensions of the test samples were 65 mm long by 33 mm in diameter. The tests were
executed in a serveontrolled press with a constant vertical displacement speed of 0.122 mm/min. Fragile rocks
require a speed of 0.4 mm/min, as recommended by the stg@8réror synthetic rock, the lowest speed of

the press was usedn the Brazilian test, the tensidrengths of samples with dimensions of 13 mm in height

and 30 mm in diameter were measured. This value was based on the maximum stress that the specimen could
support without breaking, with the load applied along the cylindrical axis. The test was jgeffonnthe same

servacontrolled press as the UCS test with a constant vertical displacement speed of 0.122 mm/min.

3. Experimental Results

3.1 Dissolution test under oedometer conditions

For this stage 39 trials were counted in total. Figure 4a shows the emoditithe volumetric strain in the
dissolution test over time, carried out with the Protocol 1 methodology, in which the sample was exposed to an
axial load for 1 h, followed by an injection of acid flow. Based on the figure, during the loading phase, the
volumetric strain of the CH and CC rock samples remained constatiie dissolution phase, the material
weakened because of the dissolution of the calcite minerals from the acid flow. The material deformed
vertically, and the effective horizontal stregadually increased, as shown in Figure 4b. According to drds

his colleague$2015), this increase in the effective horizontal stress is directly related to the development of the
horizontal plastic expansion strains when the sample was submitted to oedometemnsoféjures 4c¢ and 4d

show the results of the evolution of the volumetric strain and effective horizontal stress over time, following
Protocol 2. In this test, the sample was exposed to a higher pressure of the fluid flow and a longer dissolution
time. In both the loading and dissolution phases, the behavior was similar to that of Protocol 1. However, the

volumetric strain values are more significant. The volumetric strain was also evaluated in the samples of the
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fluid flow with water (Figurede), and he obtained deformation is patently low.
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Figure 4. Results of th@edometer test with chemical degradadica) and b) Protocol 1 dissolution (7h), c) and
d) Protocol 2 dissolution (12h), ae)l Protocol 2 dissolutiofl2h) with water for rock samples with cement
(CC) and with calcium hydroxide (CH).

Mineral dissolution in the rocks caused an increase in the pH output value of the acid solution because calcium,
when reacting with excess hydrogen, decreases the corimenioé hydrogen ions (H+), increasing the pH
solution. Figure 5shows that the pH in the sample with calcium hydroxide increased from 2.8 to 4.5, and the pH
of the CC sample increased from 3 to 4, indicating that a reaction occurred between the aicigdhagid and

the synthetic rock samples. Even if the variations of the tests performed with water (pH = 7), both related to the

effective horizontal stress, as well as the volumetric strain of tests performed with water, the minerals dissolve,
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being identiied in the comparison of pH input and output values of the fluid solutfmother change in the

rock sample properties regarding this mineral loss during the fluid injection was in permeability. Throughout the
test, the rock became more permeabbgaining a final permeability coefficient close to 2.5 cm/s, as shown in
Figure 6.

Rock CH Rock CC

4,5 4

2,5 -

2 T T T T T T 1
0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0

Time (hours)

Rock CH Rock CC

12 -

11,5
11

10,5 .-
10 e

9,5 | ’

pH

8,5 1 .,

o ,f b)

Time (hours)

Figure 5: pH output values of the a) acid solution and b) water during dissolution.
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Figure 6: Rock permeability during dissolution.

Protocols 1 and 2 were carried out in two phases, loadii) @nd dissolution {23), and the change in the

state of stresses from one phase to another is represented in thg-plat®wn in Figure 7. This change is
characterized by a decrease in tkgidtor stresg and compensated by an increase in the average gtfess

chemical degradationReference10,22,6] also showed that the evolution of the stress path depends on the
mechanical and chemical effects that occur simultaneously during the test. The CC rock was less degraded than

the CH rock, corroborating the results of the volumetric strain.
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Figure 7. Stress path.
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The results in Figure 6 and Figure 7 are needed to analyze the influence the weakening phase (sample softening)
has on the mechanical behavior of the sample at different dissolution times because, as the rock loses its
bondings, the elastic donmadecreases, and the mechanical strength of the rock is affeh&etests with water

(pH = 7) in Protocols 1 and 2 obtained much lower volumetric strains when compared to the acid fluid (Table
3); however, the higher applied load and longer dissoluiine with the acid solution resulted in more sample
degradation, corroborating with a study [B#]. These authors found that when a carbonate material is kept in
contact with water for a long time (hours), the weakening of the solid structure is atightiotabe chemical

reaction of calcium carbonate dissolution. This dissolution is intensified with the acid, owing to physical and
chemical factors that influence the solubility coefficient of calcium minerals in the fdu.results in Figure 8

were obained by Protocol 3, where the loading and dissolution phases were interspersed, with acid as the first
fluid injected into the cement rock, followed by water. Figure 7 shows the evolution of the volumetric strain
over time, in which the sample reaches aximum value of 9.4% after dissolution for 12 h. The dissolution

with acid of 2 h yielded a maximum volumetric strain of 3.76 %, while 10 h with water resulted in a volumetric
strain of 3.6%.

Loading 1
Acid Dissolution
Loading 2

- — — — Water Dissoltion

Volumetric Strain (%)

.
*.
-\n\‘
A
N
Mt v I

10 A

12

T T T T T d
0 2 4 6 8 10 12

Time (hours)

Figure 8: Volumetric strain of Protocol 3 dissolution with acid and water in the CC rock sample.

As shown in Figure 4e, the strain due to the dissolution with water is lower when compared to that with the acid
flow. However, in Protocol 3, Figure 8 shows that #tidumetric strain increased from 2.1% to 3.6% in the
dissolution with acid, as the sample was submitted to a softening phase with the injection, thus, allowing the
subsequent water injection to intensify in the dissolution process. In this methodologgaomles of rock

with CPT V ARI were used. These processes can explain the behavior of rock when its stress state is modified
once exposed to reactive fluids, which can affect the reservoir straie 3 shows the results of maximum
volumetric strainhorizontal stress, and dissolved mass index obtained in the dissolution test performed with

water and acid. A total of 39 tests were performed; Table 3 shows the maximum average of three tests for each
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vertical stress applied in each protocol.

Table 3 Maximum values obtained in each dissolution test.

Sample Vertical Stress (kPa) Horizontal Strain (%)  Dissolved Mass
Stress Index
(kPa)
With 150 (Protocol 1) 20,253 9 13,78
Calcium 300 (Protocol 1) 102,073 10,66 15,84
Hydroxide 400 (Protocol 1) 307, 980 11,43 15,95
400 (Protocol 2) 7h 309,979 11,50 16,01
400 (Protocol 2) 12h 439,543 12,75 18,23
400 (Protocol 2) H,O 12h 1,6 2,1
With 150 (Protocol 1) 10,273 5.1 5.8
Portland 300 (Protocol 1) 91,027 7.3 7.7
Cement 400 (Protocol 1) 9.0 9.2
400 (Protocol 2) 7h 300,002 9.5 9.2
400 (Protocol 2) 12h 404,661 10,02 12,47
400 (Protocol 2) H,0 12h 1.2 1,6
400 (Protocol 3) 12h 9.4 11,85
3.2 Dissolution effect on the physical and mechanical properties of rocks

The results of porosity, void index, grain density, tomographic images, and mineralogical analyses are presented

along with the resultsf mechanical, compression, and tensile tests obtained before and after dissolution tests.

3.2.1 Physical indexes befores and after degradation with acid solution

To quantify the degradation that occurred in the samples of synthetic rock in physicain@nalogical terms,
analyses were performed before and after the dissolution tests with the acid solution, as shown inThable 4.
increase in physical indexes (porosity and void indexes) is a consequence of the carbonate mineral dissolution
found in thesamples of synthetic rocks, where the maximum increases in porosity achieved after the dissolution
tests were roughly 44.3% for the CH sample and 61.2% for the CC sample. As a result, their unit weights

decreased as well.

Table 4: Physical analysis of sgites before and after Protocols 1 and 2.

o3 0

Sample Test pe(g/em’) e 0 (%)
With Before Dissolution 1.60 0.577 35.78
Calcium Protocol 1(7h) 1.50 1.200 54.00
Hydroxide Protocol 2 (12h) 1.20 1.370 57.80
Protocol 2 H,O 1.60 0.560 35.67

With Before Dissolution 1.70 0.580 36.80
Portland Protocol 1 1.50 0.900 47.40
Cement Protocol 2 (7h) 1.30 1.090 52.20
Protocol 2 (12h) 1.25 1.130 53.10

Protocol 2 H,O 1.70 0.580 36.20
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The mass loss, verified by the reduction of unit weight, is evidenced in the computed tomography (CT) images
(Figure 9), where an increase of black pixels in the image (representing pores) is observed aftsolti®uli

of cement samples. In the comparison of the two samples, including stress, strain, and porosity, the CH sample
Asufferso more with dissolution than the CC sampl e.
appearing in the CH sample, indiibn to the increase in pores as compared to CC. The CH sample contains a
binding compound more willing to react compared to that of the CC sample; thus, the effects in the CH sample
of dissolution were more significant.

Figure 9: Tomography of samples (a) befdZél dissolution, (b) after CH dissolutio(tg) before CC dissolution
and @) after CC dissolution.

Figure 10 (a)CT image of slices of the entire sampad (b) cutof the sample slices from the central zone.
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When visualizing the spatial structure of the pores in the sample, a zone was selected in the middle of its main
section to better quantify, analyze, and compare the microstructural changes attributed td tlosvflFigure
10).

From this central zone, a 3D construction of the pores in the sample was generated, showing their arrangement
and number. After the ro€Ruid interaction, the minerals dissolved, and, consequently, the pores increase in
number and s& Figure 11 shows the studied volume of the samples, and Figure 12 indicates a considerable

increase in the number of pores.

Figure 11: (a) Segmented 3D pore structure representation and (b) pore quantification study structure.

700

b)

Figure 12 (a) 3D pore structure of the pdéssolution sample and (b) 3D structure of the pores of the post

dissolution sample.

In the analysis of CT images, solids from rewilids and pores from ngwores can be differentiated. Therefore,
sample data can be obtained for the quantification of small, medium, and large pores. Table 5 shows the porosity
comparison obtained from CT im@s with the values acquired in the laboratory. The quantification analysis of

the porosity through the reconstruction of the CT images is alesinuctive technique and takes into account

29



American ScientifiResearch Journal fdEngineering, Technology, and Sciences (ASRYED21) Volume B, No 1, ppl543

the absolute porosity of the samples; that is, it quantifies thaetttonnected (permeable) and fwmmnected
(closed) voidsThe pore distribution analysis using thera§ CT technique combined with 3D reconstruction
was an effective tool to verify the increase in porosity both in terms of quantification in numeriaitpge

and the internal geometric structure of the pore rock samples.

Table 5. Porosity values comparison.

Method Test O (%)

Tomography Before Dissolution 31,62
After Dissolution 492

Laboratory Before Dissolution 35,78
After Dissolution 53,1

Table 6 shows how the quantification of the porosity distribution behaves according to the size of the analyzed
particles. The size of the imagmkes into account the quality (number of pixels X, y) and the number of slices
analyzed z. With the dissolution that occurred in the samples, the distribution of the pores is indicated by the
size of the particles. Large pores are more representativatadtdissolution, implying the grains susceptible to

dissolution are dissolved and an increase of both existing and new pores occurred.

Table 6. Behavior of the porosity distribution by particle size.

Pores Distribution (%)

Samples Image Small Medium Large
Dimension Pores Pores Pores
(X,¥.2)
CC Before (948*1128*%1311) 0,094 0,723 2,344
Dissolution

CC After Dissolution  (948*1128*1070) 0,0067 0,027 49,15

From a microscopic perspective, calcium carbonate polymorphs occur in hand samples as rounded, white grains
of coarsesand to silt granulation. Skeletal grains can be observed, such as gastropod shells, bivalves, sea urchin
spikes, and fragments of the grealgae group, identified as Halimeda. Quartz occurs as rounded grains, white

to transparent in color, mediunto fine-sand granulation, and usually presents a surface film of iron oxide

change around the grains, as shown in Figure 13 of the imageseddayiDineLite Pro magnifying glass.
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Figure 13: General aspects observed in the Bliitle Pro magnifying glass, (a) skeletal carbonate grains
interpreted as bivalve carapaces (blue arrow) and (b) quartz grains covered with a superficial iromngercolati

film (red arrow).

The synthetic samples have a fiprimaryo porosity asso
grains. When comparing the aspects before and after dissolution, an increase of this primary porosity occurred

after the passagef fluid through the synthetic rock due to the intergranular and intragranular voids and the
creation of pores by dissolving the carbonate grains, as shown in Figure 14b (pores are represented in black) and
Figure 15b (pores are blue and indicated by dheen arrow). The carbonate grains in parallel nicols are

yellowish to transparent white, and, under crossed nicols, they present a high interference color characteristic of

the polymorphs of calcium carbonate, aragonite, and c§5fe Skeletal grains were also observed under the

petrographic microscope, mainly fragments of the Halimeda, with their characteristic internal structure.

31



